The objective of present research is to evaluate the effect of breed and sex on flavor-related compounds of duck meat in Korea. Breast meat of each different breed [Korean native duck (KND) and commercial duck, Cherry Valley (CD)] and sex (male and female) were analyzed for chemical composition, nucleotide, fatty acid composition, and free amino acid. In comparison within the different breed and sex, CD and female duck were higher in moisture composition compared to KND and male duck. The meat from female duck had higher inosine monophosphate (IMP) contents while the meat from KND had higher inosine contents (P<0.05). Mostly, male duck had higher contents of free amino acid, including alanine, aspartic acid, glycine, histidine, leucine, serine, valine, glutamic acid and cysteine (P<0.05), even though no significance in the sum of taste-related free amino acid was observed with respect to breed and sex. From the results, it was found that breed has no significant impact while sex has influenced the flavor-related compounds, especially, IMP and most of the free amino acids. In order to get breed-specific advantages, KND should be developed based on flavor aspect and further studies using KND with known genetic confirmation should be conducted for the extrinsic and intrinsic flavor influencing factors.
INTRODUCTION
The consumers' purchasing decision in meat market can be influenced with a lot of factors, such as appearance, texture, and flavor. The term 'flavor' defines the two sensations between taste and aroma and it is considered to be one of the decision making factors for purchasing meat (Jayasena et al., 2013b) . It is now well known that raw meat has blood-, metallic-and salt-like taste and no aroma without cooking steps. As meat is cooked, flavor precursors in meat determine the meat flavor through lipid oxidation, Maillard reaction, and interaction of Maillard reaction and lipid oxidation (Jayasena et al., 2013a; Jayasena et al., 2013b) . As flavor precursors, nucleotide, fatty acid composition, and free amino acid are suggested so that researchers have studied in these products extensively in order to enhance the meat flavor. Inosine monophosphate (IMP) is capable for enhancing the meat flavor itself or as combination with glutamic acid or cysteine (Aliani and Farer, 2005; Jayasena et al., 2014b) . The products from lipid oxidation, interaction of Maillard reaction and lipid oxidation, and the changes in IMP and free amino acid during aging or storage have impact on the meat flavor development.
In addition, these compounds are varied with breed, sex, age, meat portion and cooking state, etc (Joo et al., 2013; Jung et al., 2013; Karasawa et al., 1989; Vani et al., 2006) . Duck meat is getting attention from the consumers, in particular, in Asia. It contains less fat and cholesterol compared to the other common meat sources, including cattle, pig, and lamb so that it is considered as healthier meat source (Lee et al., 2015) . In contrast to chicken which is composed of more white muscle than red muscle, duck meat is composed of 70 to 90% oxidative red muscle (Ali et al., 2007; Smith and Fletcher, 1992) so that its flavor is closer to the other red meats (Heo et al., 2013b) . Since 1990's, the National Institute of Animal Science (NIAS) has been developing Korean native duck (KND), which is a crossbred between Mallard duck (Anas platyrhynchos) and meat-type duck (Kim et al., 2010a; Kim et al., 2010b) . However, most of the researches have more focused on growth performance and carcass yield (Kim et al., 2010a; Kim et al., 2010b; Kim et al., 2012a; Kim et al., 2012b; Heo et al., 2013b; Hong et al., 2012) . Since the factors affecting the flavor precursors in chicken meat have been studied extensively (Choi et al., 2010; Jayasena et al., 2013c; Jayasena et al., 2014; Jeon et al., 2010; Jung et al., 2011; Lee et al., 2012) , it is worth to investigate the flavorrelated compounds in duck meat to develop a high quality meat-type duck breed. However, duck meat is different from chicken meat due to its muscle composition and it has been reported that different species have different flavor development mechanism (Ali et al., 2007; Mottram, 1998) , and still, limited information is available regarding flavor-related compounds in duck meat.
Therefore, present research was designed to evaluate breed and sex effect on flavor-related compounds of duck meat in Korea, which are considered to be strong factors influencing the meat flavor development.
MATERIALS AND METHODS

Sample Preparation
Frozen carcasses from three birds of each sex from different breeds, KND and CD (commercial duck, Cherry Valley), were raised under the same condition, purchased at 6 wk of age from a local farm (Jeollanamdo, Korea) and transported in ice condition to a laboratory. The KND was certified by the farm owner but was different from Woorimotori TM , the KND breed developed by NIAS. Then, the carcasses were thawed at 4℃ for 48 h, skin-removed, and deboned manually.
After collecting breast meat from each carcass, they were minced separately using a mini chopper (CH180, Kenwood, Shanghai, China) for 30 sec and used for the analysis.
Chemical Composition
The chemical composition of duck meat was determined by slightly modified methods of AOAC (1995) . Briefly, the moisture content was obtained by drying sample (3 g) placed in an aluminum dish at 104℃ for 15 hr. The crude protein contents were measured by the Kjeldahl method (VAPO45, Gerhardt Ltd., Idar-Oberstein, Germany). The crude fat contents were measured using the Soxhlet extraction system (TT 12/A, Gerhardt Ltd., Idar-Oberstein, Germany). The crude ash content was measured by igniting 2 g of each sample in a furnace at 600℃ overnight. 
Nucleotide Contents
Fatty Acid Composition
Lipids were extracted from meat samples according to the method of Folch et al. (1957) and Jo et al. (2013) . BF 3 -methanol (1 mL, Sigma-Aldrich) was added to 100 μL of lipid extract and incubated at 90℃ for 1 hr. After cooling, 2 mL of hexane and 5 mL of distilled water were added, mixed thoroughly and left overnight for phase separation. The top (hexane) layer containing methylated fatty acids was analyzed using a gas chromatograph (HP 7890, Agilent Technologies, Santa Clara, CA, USA). A split inlet (split ratio, 50:1) was Capillary column; 100 m × 0.25 mm × 0.20 μm film thickness), and ramped oven temperature was used (100℃ for 5 min, increased to 240℃ at 4℃/min and maintained for 20 min). The inlet temperature was 210℃. N 2 was used as the carrier gas at a constant flow rate of 1 mL/min. The data was integrated within
ChemStation software (Agilent Technologies, Santa Clara, CA, USA).
Free Amino Acid Contents
The free amino acid composition was determined by the method of Hughes et al. (1984) and Jo et al. (2013) . Defatted meat sample (5 g) was mixed with 20 mL of 2% trichloroacetic acid solution and homogenized at 13,500 rpm for 1 min.
The homogenate was then centrifuged and filtered through 
Statistical Analysis
The data was pooled for statistical analysis (n=12 . As assessed 6-wk-old ducks in the present research, our results were similar to previous ones.
Nucleotide Contents
A comparison of the nucleotide contents (mg/100 g) with respect to breed and sex was shown in Table 2 . The adenosine triphosphate (ATP) degraded to AMP, IMP, inosine, hypoxanthine, and ribose after slaughtering and these compounds are related to meat flavor (Jayasena et al., 2013a; Kim et al., 2012c) . IMP has a role as an umami taste enhancer and also It can be supportive evidence for the relationship between IMP contents and muscle composition since chicken breast meat is composed with 90% type IIB muscle fiber compared to thigh meat composed of type I muscle fiber (Jayasena et al., 2014) in accordance with Jaturasitha et al. (2008) . In the present study, the ducks at the same age (6-wk-old) were used for assessment of breed-and sex-based variation in flavorrelated compounds. However, the market age for KND is usually longer than 7 wks compared with 6wks for CD (Chae et al., 2005; Heo et al., 2013b) . Therefore, KND may contain more IMP contents than CD in commercial market.
Breed effect had a strong influence in inosine contents while interaction effect between breed and sex was shown in hypoxanthine contents (P=0.0011, data not shown). Muscle composition is still an important factor for inosine contents as 5'-nucleotidase, which converts IMP to inosine, is predominant in type I muscle fiber (Tullson and Terjung, 1999) .
Identification for muscle composition within breeds and sexes was not conducted in the present study, however, it is reported that muscle composition is contributed to different breed, sex, and other factors (Joo et al., 2013) . pH value also has an influence in degradation rate for nucleotide contents as acidic pH inhibits the activities of AMP deaminase and promotes degradation rate of IMP to inosine (Jung et al., 2013; Vani et al., 2006) , however, no significant differences were observed for both breeds and sexes in pH of 5.90∼5.93 (data not shown).
Fatty Acid Composition
The predominant fatty acid in the composition was palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2) and arachidonic acid (C20:4) for both skin and meat of ducks (Tables 3 and 4 ) and these findings are in agreement with Cobos et al. (2003) . Different patterns were observed between skin and meat of ducks as the composition on the skin resulted in breed effect for stearic acid and sex effect for palmitic, linoleic, and arachidonic acid. The stearic and oleic acid of meat had significant effect with breed and sex differences on the meat, in order of effectiveness. The fatty acid composition of skin influenced more by breed and sex of ducks compared to fatty acid composition of meat (P<0.05).
The fatty acid composition has a strong relation with meat flavor as lipid breakdown products give an important contribution through their oxidation and cooking (Calkins and Hodgen, 2007; Jayasena et al., 2013a) . Jayasena et al. (2013b) suggested that lipid oxidation lead itself to desirable as well as undesirable flavor in meat and meat products. Flavor development is more related to unsaturated fatty acid (USFA) than saturated fatty acid (SFA) as USFA can be resulted in unsaturated volatile compounds (Noleau and Toulemonde, 1987; Wood et al., 2003) . Linoleic and arachidonic acid are oxidized to form volatile compounds such as hexanal, 2,4-decadienal, 2,4-nonadienal, 2-nonenal, 2-octenal and 1-octen-3- one improving aroma of meat (Calkins and Hodgen, 2007) .
Arachidonic acid is one of the major components in poultry products. Rikimaru and Takahashi (2010) suggested arachidonic acid as a representative factor responsible for palatable flavor of Hinai-jidori (Japanese native chicken) by comparing Hinai-jidori and Heo et al. (2013a) stated that increased arachidonic acid with increasing age of large-type KND meaning that KND at market age (8 wk old) should have higher composition for arachidonic acid. A 6-wk-old KND resulted in 1.57±0.09% arachidonic acid whereas a 8-wk-old KND had 2.24±0.09% composition in thigh meat.
Beside from meat flavor, USFA is related to meat firmness as it has a lower melting point compared to SFA. Wood et al. (2003) noted that stearic acid melted at 69.6℃ while oleic and linoleic acid had about 13.4℃ and -5℃ as their melting
points. An increase in USFA resulted in a decrease in the melting point making meat structure more changeable even at low temperature. Oleic acid has a positive relationship with favorable flavor intensities and softness as it had a low melting point (Smith et al., 1998; Chung et al., 2006 (Zhang et al, 2014) . Zhang et al. (2014) stated that omega-3 fatty acid can improve functional value of meat and meat products. In present research, a strong breed effect on DHA and sex effect on EPA and DHA were observed in the fatty acid composition of the skin, however, no significant differences in breed and sex effect were spotted in the meat of ducks. The EPA was not detected in the meat and these results are in accordance with Heo et al. (2013a) .
Free Amino Acid Contents
As flavor precursors in meat, free amino acid takes a vital role for flavor enhancement during storage (Rikimaru and Takahashi, 2010 ) and alanine, aspartic acid, glutamic acid, glycine, serine, and threonine are known as taste-related free amino acid (Jung et al., 2011; Lee et al., 2012) . In this section, tasterelated free amino acid and cysteine will be discussed at the aspect in flavor development in meat. The results regarding free amino acids of duck meat are explicated in Among the taste-related free amino acid, glutamic acid can be the most important flavor precursors because it has a huge impact on flavor development itself or in combination with IMP since the reaction between glutamic acid and IMP increase umami flavor in meat (Jo et al., 2012; Jung et al., 2011) . glucose, glucose-6-phosphate, cysteine, the combination of ribose and cysteine, and thiamin. The addition of cysteine and the combination of ribose and cysteine caused significant increases in chicken, bloody, rancid, and sour aroma and roasted, chicken, savory, and salty aroma, respectively.
In the present research, no breed effect was shown between KND and CD, and significance was found with sex difference as both glutamic acid and cysteine contents were higher in male compared to female. In addition, P-values were 0.0482 (glutamic acid) and 0.0016 (cysteine) for sex effect, and plus, cysteine had an influence with the interaction effect between breed and sex with P-value at 0.0006 (data not shown).
CONCLUSION
The research was taken to assess the effect of breed and sex on flavor-related compounds of duck meat. It can be concluded from our results that breed has no significant impact on flavor related compounds, however, the sex of duck has influenced the flavor-related compounds, especially IMP, cysteine and glutamic acid. In order to get breed-specific advantages, KND should be developed based on flavor aspect and further studies using KND with known genetic confirmation such as 
